Abstract. The generation of sulfuric acid aerosols in aircraft exhaust has emerged as a critical issue in determining the impact of supersonic aircraft on stratospheric ozone. It has long been held that the first step in the mechanism of aerosol formation is the oxidation of SO2 emitted from the engine by OH in the exhaust plume. We report in situ measurements of OH and HO2 in the exhaust plumes of a supersonic (Air France Concorde) and a subsonic (NASA ER-2) aircraft in the lower stratosphere. These measurements imply that reactions with OH are responsible for oxidizing only a small fraction of SO2 (2%), and thus cannot explain the large number of particles observed in the exhaust wake of the Concorde.
Introduction
Emissions from a proposed fleet of commercial high speed civil transports (HSCT's) flying in the lower stratosphere may alter stratospheric ozone concentrations. Concerns that reactive nitrogen emissions (NO• = NO + NO2) could substantially deplete ozone helped deter the development of HSCT's in the U.S. during the early 1970's and continue to influence HSCT engine design today [Stolarski et al., 1995] . In the mid-to upper-stratosphere, direct removal of ozone by NO• is thought to account for most of the catalytic destruction of ozone; thus increased NO• could increase ozone loss rates. However, in the lower stratosphere, NO• suppresses the concentrations of HO2 and C10 that together can dominate the ozone loss rate [Wennberg et al., 1994a] . Thus, in the lower stratosphere, increased NO• can lead to decreased ozone loss rates. The current assessment of the potential effects of HSCT emissions reflects this picture: NO• emissions are predicted to enhance ozone loss rates in the middle stratosphere and decrease ozone loss rates in the lower stratosphere. This cancellation results in a small net change in the ozone column at most latitudes.
Recent observations of the exhaust emitted from an Air
France Concorde during supersonic flight in the lower stratosphere show that the measured NO• emission index agrees well with predictions based on ground-based tests performed in the early 70's [Fahey et al., 1995a] . However, the number of volatile particles measured, assumed to consist largely of sulfuric acid generated from fuel sulfur, is much higher than expected. Thus, HSCT emissions could significantly increase aerosol surface area in the lower stratosphere. This is a critical issue because in the lower stratosphere reactions occurring on these aerosols suppress the concentration of NOx. Ironically, HSCT particle emissions could increase ozone loss rates by reducing the concentration of NOx in the lower stratosphere.
Though the mechanism for aerosol formation in aircraft exhaust is not known in detail, the initial step in sulfate aerosol formation has long been assumed to be the oxidation of emitted SO2 by OH in the aircraft exhaust wake [Stolarski et al., 1995]. In the absence of oxidation within the engine, the production rate of nitric and sulfuric acid is controlled by the following reaction sequences occurring in the exhaust plume: and loss rates within the plume (1.48x106 molecules/cm3s). Since the production rate of OH from HONO photolysis is the only significant undetermined source of OH in the plume, this rate must be equal to the difference between production Table 1 . Calculated production and loss rates of OH for encounter #3 (Fig. la) Figure 2 .
The agreement of this model with the measured OH for encounter #3 shows that the assumptions in the calculation of HONO discussed above are justified. In fact, the more extensive photochemical model and Eq. 4 give nearly identical results until the plume is more than 15 min. old. This agreement occurs because HONO is the primary source of OH in the early encounters and the lifetime of HONO is completely described by Eq. 3. The curvature after 30 minutes occurs because other processes, mostly the photolysis of HNO4, contribute to the production of OH. However, the rates of these processes are small compared to the loss rates due to NO• and [OH] drops below background levels (see Fig. 1 c) . 
